Electronic Version 
Stylesheet Version vl.1.1 

Description 

[IMPROVED CD UNIFORMITY OF CHROME 
ETCH TO PHOTOMASK PROCESS] 

Cross Reference to Related Applications 

[0001] This Application is a continuation-in-part application of 

co-pending U.S. Application Serial No. 10/604,181, filed 

on June 30, 2003, and which is now incorporated herein 

by reference in its entirety. 
Background of Invention 

[0002] Field of the Invention 

[0003] The invention generally relates to a mask for photolitho- 
graphic manufacturing and, more particularly to method 
for etching the mask by using a gas mixture having a se- 
lectivity between an opaque layer and a resist layer. 

[0004] Background Description 

[0005] Patterning a thin film layer to a desired pattern is impor- 
tant in various industries, for example, semiconductor in- 
tegrated circuit fabrication. To achieve this goal, the tar- 



get layer is overlapped with a mask having a correspond- 
ing pattern and exposed to an illumination source, for ex- 
ample, light, x-ray, e-beam, etc. In photolithography for 
semiconductor fabrication, it has been a common practice 
to use a chromium (Cr) mask as a light shield which is a 
chromium film in a specific pattern formed on a quartz 
substrate. The opaque layer of the mask may also be, for 
example, chromium containing compounds, molybdenum 
alloy and tungsten. 

[0006] By wav 0 f example, the mask may be formed by pattern- 
ing an opaque layer on a transmitting substrate according 
to a desired pattern. The opaque layers are commonly 
chromium, chromium-containing compounds, molybde- 
num alloy, and tungsten. A conventional mask comprises 
a structure in which a chromium layer, which is an opaque 
layer, is formed on a light-transmitting substrate, such as 
a quartz substrate. Furthermore, a chromium oxide layer 
for preventing reflection by the chromium layer, may be 
formed on the chromium layer. An organic resist is then 
formed on the chromium or chromium oxide layer, and 
the resist is patterned, as by optical or electron beam 
scanning followed by wet developing. 

[0007] | n recent pursuit of micro-fabrication, there has been in- 



creasing demand for proximity correction masks, in which 
the dimensions of fabrication are smaller than the wave- 
length of exposing light. In other words, in photolithogra- 
phy for patterning with dimensions smaller than the 
wavelength of exposing light, it is necessary to accurately 
control the intensity of light or the amount of light pass- 
ing through the opening and the diffraction of light. This 
control is accomplished by a proximity effect correcting 
mask with accurate fine patterns which do not form im- 
ages on the wafer. Thus, higher resolution and finer pat- 
terning are necessary. 

[0008] a dry etching method is typically used to remove the ex- 
posed chromium oxide/chromium layer by means of a 
plasma process using a gaseous mixture of chlorine and 
oxygen as the etchant species. The dry etching is com- 
monly used since it significantly improves patterned 
shapes (e.g., edge roughness and profile) and resolution 
of fine patterns as compared to wet etching. 

[0009] Presently, a gas mixture of oxygen and chlorine is widely 
used as an etchant for dry etching chromium masks. In 
certain applications, helium is added to the mixture for 
plasma stabilization and uniformity. However, the gas 
mixture of chlorine and oxygen exhibits a low selectivity 



(e.g., 1:1) between the chromium thin film and a resist. 
The selectivity is further sacrificed when helium (He) is 
added for plasma stabilization and uniformity. Also, the 
oxygen element in the gas mixture tends to etch the resist 
at an undesirably high rate. Thus, the resist must be 
formed thick enough to avoid any overetching problems. 
For example, in order to pattern a chromium layer having 
a thickness of about 1000 A, a resist should be formed at 
the thickness of at least 3000 A to 5000 A be safe from 
the overetching problems. This undesirably thick resist 
degrades the resolution and accuracy of the chromium 
pattern during the dry etching. Furthermore, the selectiv- 
ity between the chrome and the resist layer is highly sen- 
sitive to the amount of chrome exposed to the etchant 
species as a sharp decline in the selectivity is observed 
with increasing chrome load. 
[0010] Also, it has been observed that the selectivity between 

chromium and a resist is highly sensitive to the amount of 
chromium exposed to the etchant gas mixture of chlorine 
and oxygen during the etching process. For example, the 
selectivity of the gas mixture of chlorine and oxygen 
sharply declines as a larger area of the chromium layer is 
exposed to the etchant, which is commonly known as a 



macro-loading effect. Thus, in order to accurately pattern 
a larger area of chromium, a significantly larger amount of 
the etchant is required. However, the resist is less suscep- 
tible to the macro-loading effect than chromium and 
therefore an unnecessarily large amount of the resist can 
be stripped off due to the excessive amount of the 
etchant gas mixture, thereby causing overetching prob- 
lems. 

[0011] | n addition, gaseous mixtures of nitrogen, chlorine and 
oxygen, or alternately, helium, chlorine and oxygen have 
been used to reduce the macro-loading effect associated 
with the dry etching of the chrome. However, the chrome 
to resist selectivity with these chemistries is less than that 
for chlorine and oxygen. 

[0012] Further, it has been known that chromium exposed ad- 
joining a highly populated resist pattern is etched less 
than chromium exposed far from the highly populated re- 
sist pattern, which is known as a pattern density effect. It 
has been observed that the gas mixture of chlorine and 
oxygen is susceptible to the pattern density effect, 
thereby deterring etching uniformity. For example, during 
the resist patterning step, a wide resist frame is some- 
times formed along the edges of the substrate, and 



chromium exposed adjoining the wide resist frame is sig- 
nificantly underetched due to the pattern density effect. 
Therefore, there is a need for effective methodology for 
patterning a photomask with higher resolution and accu- 
racy with etching uniformity. 
Summary of Invention 

[0013] | n an aspect of the invention, a method of manufacturing 
a photomask is provided. The method includes the steps 
of forming a resist layer on a portion of the opaque layer, 
and the opaque layer is etched by using a gas mixture 
having a selectivity equal to or higher than 1.2:1 between 
the opaque layer and the resist layer. 

[0014] Another aspect of the invention, a method is provided 
which includes etching an opaque layer by using a gas 
mixture of C\^, He, and C0 2 having a gas mixture of 
4:1:1:2.5 and a gas mixture ratio in volume of about 60% 
for Cl 2 , 9% for He, 6% for and 25% for CCK The opaque 
layer is Cr, a Cr compound, a Mo alloy or W. 

[0015] in yet another aspect, a method for manufacturing the 
photomask includes etching an opaque layer by using a 
gas mixture of CI , He, O and CO with etch conditions 
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between about a ratio of 40 for O and 10 for CO and 10 

2 2 

for O and40 for CO . The etch conditions provide a zero 

2 2 



iteration mask fabrication. In embodiments of this aspect, 
the etch conditions provide a selectivity of Cr:Resist of 
about 1.2:1 and provide CD uniformity in 3 sigma of less 
than 10 nm and in range of about 20 nm or less. 
[0016] | n another aspect, a photomask comprising a substrate 
and an opaque layer is selectively formed on the sub- 
strate. The mask is manufactured by etching the opaque 
layer by using a gas mixture having a selectivity of ap- 
proximately equal to or higher than 1.2:1 between the 
opaque layer and the resist layer. In embodiments, the gas 

mixture is CI , He, O and CO with a ratio of gas mixture 

2 2 2 3 

among Cl 2 , He, 0^ and C0 2 being 4:1:1:2.5 and the gas 
mixture ratio in volume being about 60% for Cl 2 , 8.7% for 
He, 6.2% for O and 25% for CO. 

2 2 

Brief Description of Drawings 

[0017] pigs. 1A to IE depict sequential phases of a method ac- 
cording to an embodiment of the invention; Fig. 2 depicts 
a flow-chart showing sequential phases of a method ac- 
cording to an embodiment of the invention;Fig. 3 shows a 
graph of selectivity versus Cr and Resist etch rates in ac- 
cordance with the invention; Fig. 4A shows a graph of 
endpoint time vs. Cr area loading comparing to POR 
(Process of Record);Fig. 4B shows the graph of normalized 



delta X-bar vs Cr etch area;Figs. 5A and 5B show graphs 
of selectivity versus CD uniformity in the X and Y direc- 
tions, respectively, in accordance with the invention; Figs. 
6A and 6B shows CD uniformity vs. etch conditions with 
Delta X-bar and Delta Y-bar, respectively; andFigs. 7 A 
though 7D show several examples of cross sections of a 

photomask, using different build processes. 
Detailed Description 

[0018] The invention enables manufacturing a photomask ex- 
hibiting a high resolution and low defects by using an 
etchant that has a selectivity of about or higher than at 
least 1.2: 1 between an opaque layer and a resist layer. In 
an embodiment, the etchant is a gas mixture of CI, He, 0 
and C (e.g., a gas mixture of Cl 2 , He and CO or C0 2 , 
preferably in the ratio of 4:1:1), a gas mixture of CI, He, O 
and N (e.g., a gas mixture of Cl 2 , He and NO or N0 2 , 
preferably in the ratio of 4:1:1), a gas mixture of CI, He, O 
and S (e.g., a gas mixture of Cl 2> He and S0 2 , preferably in 
the ratio of 4:1:1) or a gas mixture of CI, He and 0 3 (e.g., 
a gas mixture of Cl 2 , He and 0 3> preferably in the ratio of 
4:1:1). In another embodiment, a small diluent flow of O 

2 

may be used in the chemistry of, for example, Cl 2 and CO 
. The Cl 2 and C0 2 mixture ratio may be approximately 



2:1 ratio with the CI , CO and O mixture at a ratio of 

2 2 2 

approximately 2:1:0.25. In addition, a gas mixture of Cl 2 , 
He, 0 2 andC0 2 in a ratio of about 4:1:1:2.5 may be used 
in accordance with the invention. The use of these 
etchants enables a higher selectivity than that of the con- 
ventional gas mixtures, in embodiments, and also poten- 
tially enables a reduction in the thickness of the resist 
layer as well as a reduction in the etch bias. That is, due 
to the high selectivity, in some embodiments, it is not 
necessary to form an undesirably thick resist layer to 
avoid overetching. In the embodiments of the invention, it 
is also possible to obtain an improvement in the critical 
dimension (CD) uniformity by obtaining a reduction in the 
3-sigma and in range, as discussed below. 
[0019] By using the etchants of the invention, the resist can be 
formed at a significantly reduced thickness, and the 
opaque layer can be patterned with higher resolution and 
increased accuracy. Also, the aforementioned gas mix- 
tures are less susceptible to the macro-loading effect and 
the resist is not exposed to an excessive amount of the 
gas mixture, thereby significantly reducing overetching 
problems. Further, the etchants of the invention are less 
susceptible to the pattern density effect and hence signifi- 



cantly improve the underetching problem near a highly 
populated resist area, thereby achieving etching unifor- 
mity. 

[0020] pig. 1A shows a photomask structure prior to depositing a 
resist and performing patterning according to an embodi- 
ment of the invention. The resist layer may be, for exam- 
ple, a CAR (chemically amplified resist) or e-beam resist 
or laser (optical) type resist. The photomask includes a 
substrate 10, typically formed of a transparent material, 
for example, glass or SiON. On the transparent substrate 
10, an opaque layer 12 is formed by depositing an opaque 
material, for example, Cr, a Cr compound, a Mo alloy or 
W. 

[0021] pig. 1A further shows an optional reflection prevention 
layer 14 formed on the opaque layer 12 to prevent light 
from an illumination source to be reflected from the 
opaque layer. The reflection prevention layer 14 is op- 
tional and not necessary to implement the invention. The 
reflection prevention layer 14 can be formed by natural 
oxidation of the opaque layer 12. For example, in the case 
the opaque layer 12 is formed of Cr, a Cr oxide that is 
naturally formed from its underlying Cr layer can be used 
as the reflection prevention layer 14. Another advantage 



of forming an oxide layer is that, during a subsequent 
step, it is easier to pattern a Cr layer with a Cr oxide 
formed thereon than to pattern only the Cr layer due to 
the chemical reactive characteristics. According to an em- 
bodiment of the invention, the reflection prevention layer 
14 is formed at a thickness of about 300 Aon the opaque 
layer 12 having a thickness of about 700 A. 

[0022] pig. IB shows a resist layer 16 formed on a portion of the 
opaque layer 12. The resist layer 16 is formed of a light- 
sensitive material, for example, plastic or organic poly- 
mer, that is hardened or softened when exposed to a spe- 
cific light. After being exposed to a specific light to form a 
pattern, the softened portion of the light sensitive mate- 
rial is washed away, thereby leaving only the hardened 
portion that constitutes a resist pattern. 

[0023] pig. IB equally represents the resist after removing the 
softened portion to form a resist pattern that selectively 
overlaps a portion of the opaque layer 12 to expose po- 
tions of the opaque layer 12 that are to be etched. As pre- 
viously mentioned, it is not necessary to form a thick re- 
sist layer. Thus, in the case the opaque layer is formed at 
a thickness of about 1000 A with or without the optional 
reflection prevention layer 14, the resist layer 16 is 



formed at a thickness of approximately between about 
2500 A and 5000 A. 
[0024] After forming the resist pattern 16, the mask structure is 
subject to a dry etching, as shown in Fig. 1C. During the 
dry etching, the mask structure is exposed to a gas mix- 
ture having a selectivity approximately equal to or higher 
than 1.2:1 between the opaque layer 12 and the resist 
layer 16. The gas mixture removes the portions of the 
opaque layer 12 that are not overlapped by the resist 16. 
According to the invention, the etchant is selected from a 
gas mixture of CI, He, O and C (e.g., a gas mixture of 
He and CO or C0 2> preferably in the ratio of 4:1:1), a gas 
mixture of CI, He, O and N (e.g., gas mixture of Cl 2 , He 
and NO or N0 2 , preferably in the ratio of 4:1:1), a gas 
mixture of CI, He, O and S (e.g., Cl 2 , He and S0 2 , prefer- 
ably in the ratio of 4: 1: 1) or a gas mixture of CI, He and O 
(e.g., Cl 2 , He and 0 3 , preferably in the ratio of 4:1:1). 
Also, a gas mixture of CI, O and C (e.g., Cl 2 and C0 2 with 
a small flow of 0 2 , in the ratio of approximately 2:1:0.25) 
can be used. In addition, a gas mixture of Cl 2 , He, 0 2 and 
C0 2 in a ratio of about 4:1:1:2.5 may be used in accor- 
dance with the invention. In one implementation, the gas 
mixture ratio in volume is about 60% for CI , 8.7% (9%) for 



He, 6.2% (6%) for 0^ and25% for 0^. These gas mixtures 
exhibit a selectivity substantially equal to or higher than 
1.2:1 between the opaque layer 12 and the resist 16, as 
discussed in more detail below. 
[0025] pig. ID shows the photomask structure after performing 
dry etching with the etchant gas mixture having a high 
selectivity. Due to the higher selectivity between the 
opaque layer 12 and the resist 16, the resist layer 16 can 
now be formed at a significantly reduced thickness with- 
out suffering from overetching problems. Since the thick- 
ness of the resist 16 is significantly reduced, the resist 
pattern can be formed at higher resolution with more ac- 
curacy which this translates to an more accurate opaque 
layer pattern 12 formed on the transparent substrate 10. 
Also, since the aforementioned gas mixtures is less sus- 
ceptible to the macro-loading effect, the resist is not ex- 
posed to an excessive amount of the gas mixture, thereby 
significantly reducing overetching problems (as illustrated 
in Fig. 4). Further, the aforementioned gas mixture is less 
susceptible to the pattern density effects, thereby achiev- 
ing etching uniformity throughout the entire chromium 
layer. 

[0026] Subsequently, as shown in Fig. IE, the resist layer 16 is 



stripped off by conventional dry or wet stripping or ashing 
processes. The sequential phases of the processing steps 
described above are also illustrated as a flow chart in Fig. 
2. The resulting photomask comprises the transparent 
substrate 10, the opaque layer 12 and an optional reflec- 
tion prevention layer 14. As explained so far, the inven- 
tion significantly improves the resolution and accuracy of 
the opaque layer pattern and significantly reduces 
overetching problems. 
[0027] pig. 3 shows a graph of selectivity versus Cr and Resist 
etch rates in accordance with the invention. Fig. 3 shows 
that at high C0 2 and 0 2 gas ratio, the resist rate drops 
dramatically and results in the highest selectively for a 

2 

large Cr area (greater than 8000mm . 
[0028] Table 1 shows the results of Fig. 3 in accordance with the 
invention. Referring to Fig. 3, the selectivity Cr: Resist 
ranges from 0.95 to 1.2 (or higher), depending on the gas 

mixture of O and CO . For example, etch conditions of 

2 2 K ' 

40 standard cubic centimeters (SCCM) has a selectivity 
of Cr:Resist of 0.95. Also, the Cr rate ranges from 5.59 to 
4.71 and the resist rate ranges from 5.89 to 3.71. Byway 
of example, the Cr rate and Resist rate of 10 SCCM O 2 /40 
SCCM C0 2 is 4.47 and 3.71, respectively, lead to the se- 



lectivity of Cr:Resist of about or equal to 1.2 or higher. In 
embodiments, when the selectivity is lower than 1:1, im- 
provements in mask CD uniformity are still obtained. 

[0029] TABLE 1 



Etch Conditions 
(SCCM) 


Selectivity Cr- 
Resist 


Cr Pate 

(A/sec.) 


nesist Kate 
(A/sec.) 


40 0 2 


0.95 


5.59 


5.89 


40 O 2 /10 C0 2 


0.93 


5.44 


5.81 


40 O 2 /40 C0 2 


0.89 


5 


5.58 


20 O 2 /50 C0 2 


1.02 


5 


4.9 


POR(20 0 2 ) 


1.1 


5 


4.69 


10 O2/40 C0 2 


1.2 


4.47 


3.71 



[0030] Fig. 4A shows a graph of endpoint time vs. Cr area load- 
ing comparing to POR (Process of Record). In this graph, it 
is shown that the addition of CO /O gases to the CI etch 

2 2 s 2 

process is less sensitive to the Cr etch area loading, i.e., 
Macroloading effect. Therefore, it is a more stable process 
than typical Cl 2 and etch process. 
[0031] pig. 4B shows the graph of normalized delta X-bar vs Cr 

etch area. This plot clearly indicates that CO^/O^ process 

2 

has a variance of 10 nm over an area range of 5000 mm 

in comparison with the typical Cl 2 and process which 

2 

has a variance of 25 nm over a range of 5000 mm . 
[0032] Figs. 5A and 5B show graphs of selectively versus CD uni- 



formity in the X and Y directions, respectively, in accor- 
dance with the invention. These graphs are representative 
of an experimental matrix of selectivity (3 sigma:Range) 
vs. CO^/O^. These graphs show a selectivity of 1.2:1 with 
etch conditions of 10 SCCM 40 SCCM CCK This graph 
further shows the various CD measurements (nm) for the 
3 Sigma and Range. As shown, the CD (critical dimension) 
uniformity, 3- sigma, for manufacturing a photomask has 
an improvement by 3-5 nm. 3-sigma is uniformity; it is 
the standard deviation times 3. 
[0033] pigs. 6A and 6B show CD uniformity vs. etch conditions 
with Delta X-bar and Delta Y-bar, respectively. As shown 
in Figs. 6A and 6B, and reproduced in Table 2, below, sev- 
eral etch conditions are shown in relation to a Delta X- 
bar, range and 3-sigma and Delta Y-bar, range and 
3-sigma, respectively. It has been found that the use of a 
clear bar or clear structure (added to the mask and sur- 
rounding the array or etched pattern) improves the CD 
uniformity. That is, it has been found that when clear bar 
is added to the mask, then etching with increased flow, 
the uniformity of the mask is improved. With the combi- 
nation of C0 2 /0 2 , the uniformity as well as the selectivity 
is improved. 



[0034] By way 0 f example, the best 3-sigma is shown to be under 
10 nm and the best range is shown to be under 20 nm. 
Also, by using the invention, it has been found that the 
process is very stable and clean; namely, the use of C0 2 
does not provide any contaminants to the process and, of 
importance compared to known systems, there is a "zero" 
iteration in the production of masks. In other words, the 
process of the invention can build a mask on a first at- 
tempt, compared to two or more builds using known pro- 
cesses. In this manner, there is an increase in yield using 
the invention. This saves considerable cycle time, e.g., 
seven or more days of fabrication, material costs and la- 
bor. 



TABLE 2 





HPD 
(POR) 


No 
Bar 
&Hi 

o 2 


No Bar 
&40 

(seem) 
COj/40 
(seem) 0 2 


Clear 
Bar 
(POR) 


ClrBar 
&40 

COj/40 
Oi 


ClrBar 
&HIO1 


ClrBar 
&10 

COj/ 
40O 2 


CIr Bar 
&50 

COj/20 

o 2 


CIr Bar & 
40COi/10 
0 2 


Delta 
X-Bar 


-11 


10 


16 


25 


28 


27 


19 


6 


14 


Range 


28 


27 


26 


21 


22 


23 


20 


17 


18 


3 

Sigma 


17 


15 


16 


11 


12 


12 


11 


10 


10 


Delta 
Y-Bar 


-10 


13 


12 


28 


33 


29 


22 


10 


16 


Range 


21 


23 


21 


15 


17 


21 


20 


16 


17 


3 

Sigma 


13 


13 


14 


8 


9 


10 


9 


8 


8 



[0035] The Delta X-bar and Y-bar is referred to as Mean- 

to-Target (MTT) in x-direction/y-direction or sometimes 
called CD (Critical Dimension) bias. It is a measurement to 



find out how far off the actual measurement is from the 
target. Hence, the smaller the CD bias or MTT, the closer 
the actual measurements are to the target. In the plot of 
CD Data in X or Y directions, the best process is the pro- 
cess with the lowest number in (i) 3-sigma (uniformity), 
(ii) in range (highest measurement - lowest measure- 
ment), and in (iii) MTT or Delta X-bar/Y-bar. As seen from 
the figures and Table 2, the best process would be the use 
of a clear bar with etch conditions of 10 SCCM 0^/40 
SCCM C0 2 - In one implementation, the etch conditions in- 
clude between about 40 SCCM O and 10 SCCM for CO 

2 2 

and 10 SCCM 0 2 and40 SCCM C0 2 for providing CD uni- 
formity in 3-sigma of less than 10 nm and in range of 
about 20 nm or less. 
[0036] As discussed above, in embodiments, when the selectivity 
is about or lower than 1:1, improvements in mask CD uni- 
formity are still obtained with the invention. By way of ex- 
ample, and referring to Table 2, above, when using a ratio 
of gas mixture of 40 for CO and 40 for O , there is a se- 

» 2 2' 

lectivity of about 0.9:1, which is lower than a 1: 1 ratio; 
however, in this example, there is a 3-sigma of 12 and an 
in range of 22 in the X axis. This shows better results than 
that of the POR, which is a conventional process. In an- 



other example, when using a ratio of gas mixture of 50 
SCCM for C0 2 and 20 SCCM for O^, there is a selectivity of 
about 1:1; however, in this example, there is a 3-sigma of 
10 and an in range of 17 in the X axis. This, again, shows 
better results than that of the POR. 
[0037] pigs. 7 A though 7D show several examples of cross sec- 
tions of the mask, using different build processes. The 
structure shown in Figs. 7A-7D is used to fabricate a 
polysilicon gate. As shown in Figs. 7A and 7B, using con- 
ventional build processes, the mask or etched chrome 
sidewall has a tail "T" or foot at an edge. This tail may 
sometimes result in a bridge between adjacent gates thus 
shorting the device (PC to PC short). This tail may also re- 
sult in a printed gate which is too large thus slowing 
speed down in the microprocessor. The structure shown 
in Fig. 7C does not result in the tail. This structure was 

formed with a high O mixture with clear bar. The struc- 

3 2 

ture shown in Fig. 7D, using the processes of the inven- 
tion with a CO and O concentration, also does not result 

2 2 

in the tail. This process, as discussed above, has a higher 
selectivity to the Cr layer than that with the high con- 
centration, alone. 
[0038] while the invention has been described in terms of an em- 



bodiment, those skilled in the art will recognize that the 
invention can be practiced with modification within the 
spirit and scope of the appended claims. 



